In this study, new cobalt phthalocyanine containing a 2-(2-benzothiazolylthio)ethoxy group at peripheral positions has been synthesized and characterized by spectroscopic methods (IR, UV-Vis elemental analysis, and mass spectroscopies). Catalytic activity of Co(II) phthalocyanine has been investigated in the presence of oxidants such as tert-buthylhydroperoxide, m-chloroperoxybenzoic acid, and H 2 O 2 . Co(II) phthalocyanine shows catalytically activity and product conversion under mild conditions. To find the optimal conditions in the oxidation process, substrate ratio, oxidant ratio, temperature, and oxidant type were examined over 3 h. The results exhibit the best optimum reaction conditions in this catalytic system.
Introduction
Phthalocyanine molecules have been investigated for important applications in technological and scientific areas due to their color, thermal stability, and luminescence properties.
1,2 For example, they are used in liquid crystals, photosensitizers, nonlinear optics, solar cells, catalysis, and various chemical sensing applications. 3 Because phthalocyanines have planar heterocyclic systems, their primary disadvantage is their tendency to aggregate, which results in low solubility and diffuculties during purification and characterization. Due to the insolubility of phthalocyanines in organic and/or inorganic solvents, one of the most significant aims of research on the chemistry of phthalocyanines is to improve their solubility in various solvents. 4, 5 Phthalocyanines obtained from substitution to the peripheral or nonperipheral positions of long or voluminous alkyl chains are provided in order to dissolve in common organic solvents. Phthalocyanines that dissolve in water are reached by adding sulfonyl, carboxyl, or quaternary amino groups.
6,7
Metal phthalocyanines are generally obtained in high yields by cyclotetramerization of different organic molecules with a metal salt at high temperatures. 8, 9 On the other hand, increased attention has been focused on the application of microwave irradiation in the synthesis of metal phthalocyanines for last 10 years. Various reactions including synthesis reaction of phthalocyanines are carried out under microwave-assisted conditions in which significant rate enhancements, improved yield and selectivity, and reduction in thermal by-products have been achieved.
3,10−16
Para-nitrophenols are employed as a raw material in several industries. Because of their toxicity to the environment and the spreading of large volumes of contamination into the environment, phenol and substituted phenol compounds are intensively studied for removal from wastewaters. 
Results and discussion

Syntheses and characterization
The synthetic route to novel peripherally tetra-substituted cobalt phthalocyanine 4 is demonstrated in Figure 1 . Cyclotetramerization of 3 happened in the presence of CoCl 2 to reach the target complex 4. The phthalonitrile 3 was obtained and the new cobalt phthalocyanine was purified according to the literature. 23 The product was obtained in a yield of 53% and was characterized by spectral data (IR, UV-Vis, and mass spectroscopies). The spectral data confirm the formation of complex 4. The IR spectra reveal the formation of complex 4 with the disappearance of absorption bands at 2227 cm −1 (C≡ N). The 1 H NMR and 13 C NMR spectra of complex 4 could not be taken due to the paramagnetic cobalt(II) centers. In the mass spectra of complex 4 the presence of a molecular ion peak at m/z = 1348
[M-Co] + confirmed the proposed structure.
24
UV spectra of phthalocyanines including Q and B bands are known. Q band limits are 600-720 nm and B band limits are 250-350 nm in the visible region. 25 The electronic absorption spectra of complex 4 in chloroform at room temperature is shown in Figure 2 . In UV-Vis spectra of complex 4 (in CHCl 3 ) split Q bands appeared at 677 and 614 nm, while the B band remained at 281 nm. 
Catalytic studies
A typical catalytic reaction was carried out according to the literature. 26 In order to control the experiments, 4-nitrophenol oxidation with tert-buthylhydroperoxide (TBHP), m-chloroperoxybenzoic acid (m-CPBA), and H 2 O 2 was done in the absence of the catalyst under the same reaction conditions. The results proved that the catalyst plays a prominent role in the oxidation process. Tables 1-3 show that comparative studies of the catalytic activity of complex 4 for oxidation of 4-nitrophenol revealed that the complex is an active catalyst in DMF. The oxidation products of 4-nitrophenol are benzoquinone as the main product and hydroquinone as a minor product ( Figure 3 ). To achieve the highest conversion of the substrate, the catalytic reactions were carried out while changing the reaction temperature, time, oxidants, and substrate/catalyst ratio. The effect of the oxygen source on the reaction rate of 4-nitrophenol oxidation was investigated for TBHP, m-CPBA, aerobic oxygen, and H 2 O 2 . With the exception of the oxidant, all the experimental conditions were kept constant for the catalytic reactions. The data are given in Table 2 and Figure 5 . There was no conversion for complex 4 when aerobic oxygen was used as the oxidant. The results showed that complex 4 exhibits significantly higher activity with TBHP than the other studied oxidants. The control experiment showed that the 4-nitrophenol was not oxidized in the absence of an oxidant. Study of the influence of temperature on the oxidation of 4-nitrophenol with complex 4 showed that as the reaction temperature was raised, the catalyst activity increased. The experiments were conducted at different temperatures (25 • C, 50
while the other reaction parameters were unchanged ( Table 3 ). The total conversion was increased by 43% when the temperature was raised beyond 90
• C. The highest conversion (86%) was obtained with TOF = 86
for complex 4 at 90 were employed as an oxidants. 22 In our work, complex 4 was found to be a more active catalyst in the oxidation of 4-nitrophenol with high conversion and turnover number (98% and TON: 196).
In addition to these parameters, changing of the catalysts was studied by UV-Vis spectrophotometer during the oxidation reaction. Degradation of Co(II) phthalocyanine is a frequent situation in oxidation processes with the addition of an oxidant. 27−29 It was seen that Co(II) phthalocyanine in chloroform has a distinctive sharp vibronic Q band due to the monomeric species in the absence of an oxygen source. 1 As the oxidation reaction proceeds, this Q band shifts to 662 nm, broadens, and disappears at the end of the reaction.
The shift from 654 to 662 nm attested to the metal oxidation of M(II)-Pc to M(III)-Pc ( Figure 6 ). 30 After 3 h, this oxidized intermediate decomposed.
There was no further conversion of any products. As the reaction time progresses, the widening and disappearing of the Q band are seen as in Co(II) phthalocyanine. 31 This situation is due to the result of the attack of the phthalocyanine ring by the alkyl and alkoxy radicals that are produced from TBHP. The color of the solution changed from blue to green as catalysis progressed. However, the reaction products continued to form even after the catalyst had turned yellow, suggesting that once reaction intermediates are formed, the reaction can still proceed in the presence or absence of the original form of the catalyst. 
Experimental
Measurements
The general procedure for the oxidation of 4-nitrophenol and measurements were done according to the literature. 23 All materials used in this work were obtained according to the literature. 
Conclusion
In this study, all spectroscopic data of Co(II) phthalocyanine showed successful synthesis. Catalytic activities of Co(II) phthalocyanine were then investigated by examining the effects of certain parameters. Co(II) phthalocyanine showed catalytic performance in 4-nitrophenol oxidation with benzoquinone conversion (61%) when using TBHP as an oxidant. In conclusion, this catalytic work is feasible and time-saving in terms of procedure and we have determined the best oxidation conditions for complex 4 with high TON and TOF values.
